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157] ABSTRACT

The waste water output of an RO unit in a distillation
system 1s conveyed to a still’s condenser cooling coil to
minimize water requirements of the system. A portion
of the heated water fron the condenser, in one embodi-
ment, is circulated to the RO unit inlet, where a temper-
ature mixing valve maintains an optimum temperature
for the RO inlet water by mixing feed water and con-
denser output water in the desired proportions.

10 Claims, 2 Drawing Figures
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1
DISTILLATION SYSTEM AND PROCESS

BACKGROUND OF THE INVENTICN

The invention relates generally to distillation systems
and particuiarly to distillation systems that inciude a
reverse osmosis unit. -

One of the maintenance problems that besets anyone
operating a water still is the formation of scale in the
evaporator. This can be reduced or eliminated by the
removal or partial removal of the dissolved solids be-
fore the water is fed to the still. Ion exchange and re-
‘verse osmosis are some of the processes used in accom-
plishing the desired reduction in total solids.

There are drawbacks to the use of the reverse osmosis
process. One of them is that reverse osmosis membranes
have been quite expensive and have had a flux (which is
the ability of the water to pass through the membrane)
of such a capacity that a large amount of membrane has
been necessary to produce a reasonable flow of water
even when the water is pumped to the membrane at
pressures up to 400 psig. Recently there have been im-
provemenis in membrane design which have made it
possible to operate membranes at pressures as low as 50
psig. This means that a membrane of reasonable cost
will produce approximately one galion of water per
hour when operated at a pressure of approximately 50
psig. Theoretically, therefore, one of such membranes
could be placed ahead of a one gallon per hour still, and
prevent scale formation in that still at a reascnable cost.

The reverse osmosis membranes have other short-
comings, however. They include the possibility of pre-
cipitation of such salts as calcium suifate and calcium
carbonate on the membrane surface unless some precau-
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tions are taken to prevent this precipitation. Also, if 35

- calcium carbonate precipitates on a cellulose acetate
membrane the high pH created by the calcium carbon-
ate will degrade and essentially destroy the membrane.

Methods to prevent this precipitation include soften-
ing the water, controlling the inlet pH with an acid feed
system, or bypassing large quantities of water by the
membrane surface to prevent the concentration of salts
on the surface which can lead to the precipitation pro-

cess. It the final method is employed, the production of

water from the reverse osmosis unit may be only be-
tween 3% and 23% of the volume of the feed water.
This ratio of product recovery to feed may not be sig-
nificant for a one gallon per hour unit, but it does be-
come significant as the production requirements in-
crease to the range of 100 gallons per hour. Under these
conditions the operator generally uses an acid feed sys-
tem or perhaps pretreatment with a softener to save on
feed water although these methods require additional
equipment and materials.

It 1s an object of the invention to provide a water
distillation system that can use the membrane surface
bypass method with a reduction in the amount of feed
water usually associated with that method. it is another
object to make efficient use of RO unit waste water in a
distiliation system. Another object is to provide a sys-
tem for heating RO unit water input without additional
equipment. It 1s still a further object of the invention to
provide an efficient, energy saving, and inexpensive
liquid distillation system. |

SUMMARY OF THE INVENTION

In the system of the invention, the waste output of the
RO unit is conveyed to the condenser cooling coil of
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2

the still where it is used rather than wasted. In one
embodiment a portion of the coil output is recirculated
to the RO unit inlet, where a temperature mixing valve
with inlets fed by feed water and condenser output
water mixes the two in response to a temperature con-
trol. Water from the mixing valve, at a temperature

suitable for optimum use of the RO unit, is then fed to
the RO unit.

- BRIEF DESCRIPTION OF THE DRAWING

Other objects, features and advantages of the inven-

tion will be apparent from the following description,

including the drawings, in which:

FIG. 1 is a diagrammatic representation of a distilla-
tion system embodying the invention; and

FIG. 2 15 a similar diagrammatic representation of an
alternate embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

There i1s shown in FIG. 1 a water distillation system
comprising two major treatment elements, a reverse
osmosis (or RO) unit 10 and a still 12.

“Raw” water, the water immediately available from
reservoirs, rivers and other normal sources, is not ac-
ceptable for many commercial or research processes
that demand *pure” water. Such molecularly pure
water 1s better known as “conductivity” water, refer-
ring to the method of determining its purity by measur-
ing its electrical conductivity potential. The lower the
conductance (or the higher the resistance) of the water,
the purer it is. The impurities that exist in raw water
include ions, bacteria, organics and particulates. The
reverse osmosis unit 10 and the still 12 are used to re-
move these.

The reverse osmosis unit 10 removes dissolved solids
from raw water by the principle of reverse osmosis.
Normal osmosis is the process by which solvent flows
through a semipermeable membrane from a dilute to a

‘more concentrated solution. The flow creates a pressure

difference across the membrane called the osmotic pres-
sure. The process can be reversed by applying a pres-
sure greater than osmotic to the more concentrated
solution. Thus, in the reverse osmosis unit 30, raw water
1s brought under pressure in contact with an appropriate
membrane, and purified water may be recovered from
the opposite side of the membrane.

- The maintenance of the reverse osmosis (or RO} unit
10, as explained in the Background, above, is however,
difficult. Cne relatively simple procedure for maintain-
ing the unit, by passing large quantities of water by the
membrane surface, involves high ratio of discharge of
waste water to purified water for the unit. The inven-
tion uses this “defect” in the procedures advanta-
geously.

The other unit in the water purification system is the
distillation unit, or still 12. Distillation is necessary as a
final step in water purification to remove impurities
such as bacteria, organics and dissolved substances and
particulates not removed by the RO. The still 12 in-
cludes an evaporator 14 and a source of heat 15. Water
to be distilled enters the evaporator through an inlet 16.
Heat 1s applied to the evaporator by the heat source 13
to bring the water past its boiling point to become va-
por. The water vapor is then passed through a con-
denser 18 where it is cooled by a flow of cooling water
through a cooling coil 28. The cooling water enters the
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coil by an inlet 22 and leaves, heated by the exchange of
heat with the condensing water vapor- outsu:le the coil,
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by an outlet 24. The condensed water vapor, or dlstll- "

late, leaves the still'by an outlet 26. The 1mpur1t1es are

left behind as unevaporated residue. -
The water that enters the still inlet 16 1s purlﬁed

water from the RO unit 10. Raw water is introduced to

the RO unit through an inlet 28. The reverse osmosis
process results in a certain amount -of purlﬁed ‘water
leaving through an outlet 30. It also results in a large
quantlty of waste water leaving through’a waste outlet

32, since the RO unit is maintairied by the bypass proce-
dure described above. |

In the system embodymg the invention the waste
water leaving the RO unit 10 through outlet 32 is not
discarded, but is instead conveyed by a conduit 34 to the
inlet 22 of the condenser coil 20 of the still 12. There it
passes through the coil that is used to cool the evaporate
in the still. Another source of water for the condenser
coil 20 is therefore not needed. The ratio of recovery of
distillate from a still as compared to the water needed
for the cooling ‘coil of the condenser is very similar to
the recovery ratio employed by a reverse osmosis sys-
tem operating on the principle of high discharge to
recovery ratio. Therefore with the waste from the RO
unit 10 being conveyed to the condenser coil of the still
12, approximately 50% of the water normally required
to operate the system is saved.

The system shown in FIG. 2 has the additional fea-
ture that the waste water from the RO unit, used to pass
through the condenser coil of the still, is recirculated in
its heated form, back to the input of the RO unit, be-
cause the reverse osmosis process works more effi-
ciently at higher temperatures.

The system shown in FIG. 2 is substantially similar to
that shown in FIG. 1. The RO unit 50 produces purified
water, at one outlet 52 that proceeds to an inlet 54 of the
still 56. The water entering the still inlet 5S4 proceeds
through the evaporator 58 and the condenser 60 and
becomes distillate leaving the still at an outlet 62.

Waste water from the RO unit leaves at an outlet 64
and proceeds through a conduit 66 to the inlet 68 of the
still condenser cooling coil 70. Typical ratés for the
flows described so far are one gallon per hour (gph) for
the purified water passing from the RO unit 50 to the

still evaporator 58 and 9 gph for the RO unit waste

water passing from the outlet 64 through the conduit 66
to the condenser cooling coil 70. The still 56 produces
about one gph of distillate under these conditions.

In the embodiment shown in FIG. 2, the heated cool-
ant water that leaves the condenser coil 70 by way of
the outlet 72 is not all discharged as in the system of
FIG. 1. A portion is returned through a conduit 74 to
the inlet of the RO unit 50, aided by a pump 75. Not all
of the heated coolant water is needed to raise the tem-
perature of the RO unit input. In the embodiment here
described, about 8 gph of heated coolant is discharged,
and about one gph is returned by conduit 74.
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The heated coolant water returned by the conduit 74 60

is conveyed to a temperature mixing valve 76. The
valve 76 has two inlets, one inlet 78 receiving the re-
turmng heated coolant water, and the other inlet 80
receiving raw water. The valve 76 has one outlet 82,
which combines$ in output a mixture of water entering
the two inlets at a ratio determined by a temperature
control 84. A booster punip 86 pumps the output of the
valve 76 into the RO unit inlet 38

65
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The system of FIG. 2 therefore utilizes the waste
from the RO unit 50 to cool the still 56, and utilizes the

heat transmitted to the coolant, by passmg a portion of
the coolant back to the RO inlet 88, to raise the temper-

ature of water in the RO unit to an optimum tempera-

{ure.

While the present invention has been described with
reference to preferred embodiments, those familiar with

this disclosure and skilled in the art may recognize addi-
tions, deletions, substitutions and other modlfieatlons

and equivalents that would fall within the purview of
the invention as set forth in the appended clalms .

I claim: -

1. A distillation system comprising:

an RO unit having a feed water inlet, a treated water
outlet, and a waste water outlet;
a still having an evaporator and a condenser, said
evaporator having a treated water inlet and a
treated water outlet, and said condenser having a
treated  water inlet, a treated water outlet and a
‘cooling coil with a feed water inlet and a heated

water outlet, and

conduit means for connecting said evaperator to sald
condenser, for connecting said RO unit waste
water outlet to said cooling coil inlet and for con-
necting said RO unit treated water outlet to said

. evaporator inlet.

2. The system of claim 1 including means for connect-
ing said cooling coil outlet to said RO unit feed water
inlet. |
3. The system of claim 2 further including a tempera-
ture controlled valve means having a first inlet for feed
water, a second inlet for water from said cooling coil
outlet, and an outlet for connection to said feed water
inlet of said RO unit, |
said temperature controlled valve means including

temperature control means and means for mixing

water entering said first and second inlets, respon-
sive to said temperature control means.
4. A distillation system comprising:
an RO unit having a water inlet, a treated water out-
 let, and a waste water outlet; |
a still having an evaporator and a cooling unit, said

evaporator having a treated water inlet and a

treated water outlet, and said cooling unit having a

treated water inlet, a treated water outlét and a

cooling coil with a feed water inlet and a heated

water outlet; and |
conduit means for connecting said evaporator to said
cooling unit, for connecting said RO unit waste
water outlet to said cooling coil inlet, for connect-
ing said RO unit treated water outlet to said evapo-
rator inlet, and for connecting said cooling coil
heated water outlet to said RO unit water inlet.
5. The system of claim 4 further including means for
supplying feed -water to said RO unit water inlet, and
including a temperature controlled valve means having
a first inlet for feed water, a second inlet for water from
said cooling coil outlet, and an outlet for eonneetlon to
said RO unit water inlet, |
said temperature controlled valve means includin g
temperature control means and means for mixing
water entering said first and second inlets, respon-
~ sive to said temperature control means.

6. The system of claim 4 in which said cooling units 1s
a distillate condenser.

7. In a water distillation system comprising;:
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an RO unit having a feed water 1nlet, a treated waste
outlet, and a waste water outlet;

a still having an evaporator and a condenser, said
cvaporator having a treated water inlet and a
treated water outlet, and said condenser having a
treated water inlet, a treated water outlet and a
cooling coil with a water inlet and a heated water
outlet; and

conduit means for connecting said evaporator to said
condenser, for connecting said RO unit waste
water outlet to said cooling colil inlet, for connect-
ing said RO unit treated water outlet to said evapo-
rator inlet, and for connecting said cooling coil
heated water outlet to said RO unit water inlet,

a method of utilizing the waste water from the RO
unit comprising the steps of:
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conveying the waste water from the RO unit to the
cooling coil of the still condenser, and circulating
said waste water through the cooling coil.

8. The method of claim 7 further including the steps
of:

collecting at least a portion of the waste water circu-

lated through said cooling coil; and

feeding said portion to the inlet of said RO unit.

9. The method of claim 8 further including mixing
said portion of waste water with raw water, and feeding
said muxture of said portion of waste waste and raw
water to the inlet of said RO unt.

10. The method of claim 9 including mixing said
portion of waste water and said raw water at a ratio
determined by a temperature control {0 provide a mix-

ture for said RO unit inlet that has a temperature desir-

able for said RO unit.
L a6 & 3 F
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